P
opulation studies are essential to assess the distribution of blood pressure (BP), to estimate the population at increased risk, and to track changes in awareness, treatment, and control of hypertension. However, these studies are not conducted at regular intervals, except for the Third National Health and Nutrition Examination Survey (NHANES III) studies in the United
States. In addition, differences in methodology limit somewhat comparisons between countries or even within the same country. 1 Nevertheless, such comparisons can bring some insights into the population dynamics and generate hypotheses in terms of future risk, management issues, and effectiveness of hypertension guidelines. Although both Canadian and NHANES III studies have already published BP data, [1] [2] [3] [4] there has never been any direct comparison of some aspects of these distributions. This study presents unpublished data from the 10 Canadian provinces and compares prevalence of systolic (SBP) and diastolic (DBP) BP, and level of control using the same definitions between NHANES III and Canadian Heart Health Surveys (CHHS), with a focus on SBP.
Methods

CHHS
In each of the 10 Canadian provinces, health insurance registries were used as sampling frames. These registries are regularly updated and contain a nearly complete listing of the target population, as virtually all Canadians are covered by provincial health insurance plans. A stratified, two-stage, replicated probability sample design targeted 2200 people in each province. These subjects were between 18 and 74 years old and were not living in institutions, First Nation's reserves, or in military camps. The surveys took place between 1986 and 1992. A total of 29,855 individuals were randomly selected as participants, of which 23,129 participated in the surveys. Details of the study methodology have been published elsewhere. 2, 5 A common methodology was used in all 10 surveys. Selected subjects were first contacted by a letter then by a phone call from trained public health nurses. An initial home interview lasting 40 to 60 min was then conducted to obtain basic demographic and lifestyle data, as well as to ascertain the individual's level of knowledge and awareness of cardiovascular disease (CVD) risk factors. Two BP measurements were taken, one at the beginning of the interview and one at the end. Approximately 2 weeks later, participants were invited to visit a clinic, where fasting blood samples, anthropometric measures, and two additional BP measurements were taken.
The BP was measured by a trained nurse at the beginning and at the end of each visit. Standardization for identification of the Korotkoff sounds followed the manual developed for the Hypertension Detection and Follow-up Program, School of Public Health, University of Texas. Standard mercury sphygmomanometers, 15-inch stethoscopes, and correctly sized cuffs were used.
Participants had been instructed not to smoke for at least 30 min before the measurement and not to drink alcohol for at least 8 h. Before BP measurement, the subjects first rested quietly for 5 min. In a sitting position, the participant's right arm was held at heart level. When not possible to measure BP on the right arm, the left arm was used. The maximum inflation level was determined before the actual measurement. The first and fifth Korotkoff sounds were recorded for the systolic and diastolic BP, respectively, and for sounds continuing to 0 mm Hg, the fourth Korotkoff sound was used. The mean BP (four measurements for most participants) was used. Pulse was also recorded.
NHANES III
Methods used in phase 1 and 2 (1988 to 1994) have been described in more details elsewhere (http://www.cdc.gov/ nchswww/nchshome.htm). 1, 4 Briefly, to compare with the CHHS, a national probability sample of 39,695 persons aged 2 months and older was selected during 6 years for NHANES III. Of those, 33,994 (86%) were interviewed in their homes. All interviewed persons were invited for a medical examination. Seventy-eight percent (30,818) of the selected persons were examined, and an additional 493 persons were given a special, limited examination in their homes. Three BP measurements were taken at the end of a 1-h interview by a trained lay interviewer at 1-min interval. A second set of three measurements was taken by a physician during the medical examination. Similar to the CHHS, a standard mercury sphygmomanometer was used, appropriated cuff sizes and the standard measurement procedure was used in both surveys. As in CHHS, the mean of all available BP measurements was used. A total of 15,326 individuals within the age range of the CHHS, 18 to 74 years, with a valid mean SBP and DBP were available for the analyses for NHANES III.
In both studies, hypertension was defined as a mean SBP Ն140 mm Hg, or a mean DBP Ն90 mm Hg, or being prescribed medication. The wording of the question for the variables used in the programming was similar in both surveys for the key questions. CHHS: Before this interview have you ever had your BP checked? How long ago did you have your BP checked? Were you ever told by a doctor, nurse, or some other health care professional that you had high BP? Are you now taking medication for your high BP? NHANES III: About how long has it been since you last had your BP taken by a doctor or other health professional? (Includes the answer NEVER). Have you ever been told by a doctor or other health professional that you had hypertension, also called high BP? Are you now taking prescribed medicine?
All reported measurements for both studies have been weighted to account for the sampling design, and therefore, represent population estimates. Given the difference in sampling methodologies between the two surveys, the multitude of potential comparisons, and the large sample size, there has been no attempt to use complex statistical methods to test differences between means or proportions.
For all the figures, the same definitions have been used for hypertension between NHANES III and the CHHS. A mean DBP of Ն90 mm Hg, a mean SBP Ն140 mm Hg, and current treatment with medication were used to define hypertension. Individuals who reported having been told by a physician or a nurse that they had high BP but were not treated (with medications or nonpharmacologicals), and who had a normal mean BP were not included in the hypertension group in the CHHS. The total population estimates have not been age adjusted, as population distributions were almost identical and the total values rep-resented actual population burden. To match the CHHS age range, only the data for the NHANES III participants aged 18 to 74 years were included in the analysis. SAS 6.12 and 8.1 (SAS institute Inc., Gary, NC) was used for all analyses.
Results
The means of SBP and DBP are presented for both NHANES III and CHHS for men, women, and the total population, by 5-year age groups (Fig. 1) . The distribution of SBP shows the usual pattern: increasing with age, higher in men than women until the mid-sixties, with a steeper increase in women starting in the late thirties, and a higher mean for women than men in the seventh decade for the CHHS. The DBP increases until the fifties and then decreases in both men and women in both surveys, but more rapidly in NHANES III than in the CHHS. The CHHS curve was higher than the NHANES III curve for both SBP and DBP. The overall means (SBP/DBP, mm Hg) where NHANES III (120.5/74.0) and CHHS (123.0/ 77.0). Overall, the prevalence of hypertension in the 18-to 74-year olds was higher for the CHHS than for NHANES III (21.1% v 20.1%). The 18 to 34 years of age showed a slightly higher prevalence in the CHHS (6.2%) than in NHANES III (4.0%), whereas the reverse was true for the 65 to 74 years of age group (CHHS 56.8% v NHANES III 58.5%). Although hypertension prevalence was very similar in each age group, the distribution of hypertension types and level of control was quite different in each age group between the two surveys. In particular, each CHHS age group had a lower level of control and a higher prevalence of SDH.
The prevalence of ISH using different criteria (SBP Ն140 mm Hg and DBP Ͻ90 mm Hg; SBP Ն160 mm Hg and DBP Ͻ90 mm Hg) is presented in Table 1 for both studies. Overall, the prevalence of ISH (SBP Ն140 mm Hg) was around 8% to 9% for men and women in both studies, increased with age, was higher in the older age groups in NHANES III, but higher in the CHHS in the younger age groups. Using a higher cut-off point of 160 mm Hg or greater, prevalence of ISH was around 1% in both studies, very low in the younger age groups (Ͻ45 years), and higher in NHANES III than in the CHHS among the older age groups.
After removing treated individuals from calculations, prevalence figures showed different patterns between surveys in men and women. The Third National Health and Nutrition Examination Survey figures were lower than the CHHS for the older age groups for men but not for women. Fig. 3 compares the distribution of the actual BP measurements between NHANES III and the CHHS following the Sixth Report of the Joint National Committee on prevention, detection, evaluation, and treatment of high blood pressure (JNC VI) criteria. Although prevalence of stages 1,2, and 3 were similar in both studies, NHANES III observed more (50% v 43%) individuals in the optimal range (Ͻ120/80 mm Hg), whereas CHHS uncovered a slightly higher prevalence in the normal and high-normal ranges (120 to 139/80 to 89 mm Hg).
Levels of awareness, treatment, and control were lower in Canada than in NHANES III (Fig. 4) . The level of control in the CHHS was about half that of NHANES III (25% v 13%). The proportion of hypertensives unaware of their hypertension was much higher in the CHHS than in NHANES III (43% v 30%). treated and controlled), the scatter plot shows that there were few people in the very high ranges of SBP (Ͼ180 mm Hg) and DBP (Ͼ105 mm Hg). The total number of individuals with elevated SBP was 69% (38 ϩ 31) against 49% (31 ϩ 18) with elevated DBP. Prevalence of isolated SBP was 38% and less that half had isolated DBP (18%), whereas the prevalence of individuals with SDH was 31%. In Fig. 6 the plot of SBP against DBP showed a similar pattern among hypertensive subjects in NHANES III, with more individuals in the controlled area (25%) than the CHHS. There was also a high prevalence of individuals with ISH (43%), and elevated SBP (61%), compared with the prevalence of isolated high DBP (13%) or elevated DBP (31%). Fig. 7 presents the prevalence of elevated SBP, DBP, or both, among uncontrolled (treated or not) hypertensives, by study. For both studies about 94% of these hypertensives aged 50 years and older had an elevated SBP, whereas for those younger than 50 years of age, the prevalence of elevated DBP was higher than the prevalence of elevated SBP and almost the same in both studies. In the older age group, the CHHS had a higher prevalence than NHANES III of elevated DBP (43% v 25%) and SDH (36% v19%). Fig. 8 is analogous to Fig. 2 , but depicts the situation among diabetics. In both studies diabetes status was defined as self-reported diabetes. The overall prevalence of hypertension among diabetics is around 50% in both surveys with the CHHS having a higher prevalence in the 35- to 64-year olds (55% v 46%). The Third National Health and Nutrition Examination Survey had a much higher proportion of controlled hypertensive diabetics and a lower proportion of diabetics with SDH in all ages than the CHHS. For both surveys, ISH prevalence was similar, and highest in the 65-to 74-year olds.
Discussion
These data compare populations at a time when guidelines for defining hypertension and control were mainly focusing on DBP. Our previous study 2 pointed at some major gaps in the level of awareness, treatment, and control of hypertension in Canada. There is some evidence, both in Canada and the United States, 6 ,7 that we have not made any progress in the control of hypertension, and that we might indeed be losing some ground. Therefore, these data could be a conservative evaluation of the current situation.
The difference in methodology between these surveys should have a minimal impact on these comparisons. One of the main differences was the use of six BP measurements in NHANES III versus four in CHHS. All BP were taken by trained nurses in the CHHS, whereas NHANES III used trained lay interviewers for the home measurements and physicians for the last three measurements in the mobile examination center.
The age-related changes in BP that we see in both surveys, with an increase in ISH with age, cannot be attributed solely to a differential effect of treatment on DBP, where DBP would decrease below 90 mm Hg, whereas the SBP would remain above 140 mm Hg. Using longitudinal data from Framingham, Franklin et al 8 conclude that "The late fall in DBP after age 60 years, associated with a continual rise in SBP, cannot be explained by 'burned out' diastolic hypertension or by 'selective survivorship' but is consistent with increased large artery stiffness." The important message is that "Higher SBP, left untreated, may accelerate large artery stiffness and thus perpetuate a vicious cycle." Risk increases with increasing levels of SBP, DBP, although there might be some differences in the absolute risk 9 between populations, probably due to the interaction with other risk factors. Although this issue is widely recognized, the artificial dichotomy created by guidelines has also created a gap outside the high-risk approach, that is, at the population level.
The past Canadian recommendations 10 were based for a great part on the 90 mm Hg diastolic level and differ in that respect with the World Health Organization 11 and JNCVI 12 guidelines. They are heavily weighted toward clinical trial evidence, and little toward the accumulated epidemiologic convergence of increasing risk with increased SBP levels. One of the dilemmas is whether to treat individuals with ISH between 140 and 160 mm Hg when we do not have the clinical trial evidence that it reduces morbidity and mortality. Although the Canadian recommendations recognize that the therapeutic goal for treating hypertension should be 140/90 mm Hg, the initiation of therapy is not recommended before an ISH 160 mm Hg in individuals without target organ damage or other major risk factors, independently of whether or not a nonpharmacologic approach has been initiated and is successful. This seems to be questionable. If we accept that the maximum benefit is below 140/90 mm Hg, why consider only those who have 160 mm Hg and more to start treatment? This clinical trial only, evidence-based approach may be congruent with a meta-analysis of trials of ISH in the elderly by Staessen et al, 13 which points to the benefits of reducing ISH in the elderly, mainly relative to stroke risk, and even to a reduction in CVD events after age 80 years. 14 Nevertheless, using such a high cut-off point of 160 mm Hg targets a very high risk but a minority of the population at risk. In further analysis, for the CHHS, we found that 89% of all ISH in untreated individuals lies between 140 and 160 mm Hg (96% aged Ͻ60 years, 82% aged 60 years and older). From a population perspective, this leaves a significant portion of the population (Table 1 and Figs. 5 and 6) at increased risk of CVD events, particularly stroke, although the level of risk may be lower. While we wait for clinical trials for ISH between 140 and 160 mm Hg, the wisdom of not treating individuals in that BP range should be reexamined. Also to be questioned is the value of using the concept of numberneeded-to-treat derived from relatively short-term trials, when some benefits might be expressed beyond the end of the trial, and therefore not captured by this statistic. Shortterm trials will inflate the number-needed-to-treat for lower levels of BP as the risk difference will be small due to an apparent but underestimated lower risk in the 140 to 160 mm Hg group, which would become apparent after a longer follow-up period.
Another important point is the coexistence of other risk factors that should lead the therapeutic decision. In the CHHS (data not presented), 97% of the hypertensive population aged 60 to 74 years have one or more of the major CVD risk factors (ie, smoking, hyperlipidemia, overweight, diabetes, or are sedentary). This means that if we were to use presence of other risk factors as a criterion to initiate hypertension treatment, most of these hypertensives should be treated anyway.
The prevalence of hypertension among individuals reporting diabetes is similar between CHHS and NHANES III (Fig. 8) . Nevertheless, there is a striking difference in the percentage of diabetics who are controlled between the two studies that needs to be understood, as this group is at a high risk and that therapeutic benefits extend well below 140/90 mm Hg. 15 With a decreasing prevalence of high DBP in this group with age, the importance of managing SBP among diabetics needs to be stressed.
It could be argued that because we have a "free" health care system in Canada, with better access, mainly for the uninsured, these major differences must result from the way the Canadian system screened and managed individuals with hypertension. This is particularly true in regard to systolic hypertension. The attitude and focus of physicians needs to change from a diastolic-based definition of control to recognizing the additional importance of SBP. Kannel 16 in his recent review has reemphasized this point. Lloyd-Jones and colleagues 17 also found that among Framingham participants, poor BP control was mainly due to lack of systolic control, even among treated subjects. The EISBERG project 18 in elderly patients equally emphasizes the challenge of systolic control.
In further analysis, among treated (controlled or not) hypertensives comparing NHANES III with the CHHS, 54% v 44% where controlled to SBP goal, 83% v 67% to DBP goal and 48% v 38% were controlled to both. The Framingham study 17 shows figures similar to NHANES III (49%, 90%, and 48% respectively). In the total hypertensives population, comparing NHANES III to the CHHS (Figs. 5 and 6 ), 38% v 31% where controlled to SBP goal, 68% v 51% to DBP goal and 25% v 13% were controlled to both in the CHHS. The importance of the lack of control of SBP is also illustrated by Fig. 7 showing that among uncontrolled hypertensives age Ն50 years, 93% to 94% of hypertensive individuals have an elevated SBP.
It is difficult to attribute some of the major differences seen between these studies only to methodologic differences. Outside of very small differences in age distribution, measurement techniques were very similar, and the questions related to BP almost identical. NHANES III used six BP measures versus four in the CHHS, but that would not explain such important differences in some of these prevalence figures. Using JNC VI criteria, 12 a comparison of BP levels between NHANES III and CHHS revealed very small differences in prevalence of hypertension by stages using only measured BP (Fig. 3) . This was reflected by the very close mean BP. Nevertheless, there were much lower levels of hypertension awareness, treatment, and control in Canada than in the United States. Hypertension control in Canada was about half the value of NHANES III (13% v 25%). Some of these differences may also be attributable to better past population-based interventions in the United States, and more incentive in the United States to treat high BP than in Canada.
These data suggest that if a better level of awareness, treatment, and control could be achieved, Canadians could further improve their overall BP levels and significantly decrease their CVD risk. Although the last Canadian recommendations have made significant progress, in particular in the recognition of nonpharmacologic interventions and the issue of multiple risk factors, the focus back to the DBP as the initial basis for the management of hypertension needs to be reviewed.
